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[ restart

with(curves)

[ ParametrizedTolmplicit, arclength, astroid, binormal, cardioid, cassinian, catenary, circle, cissoid,
clotharg, clothoid, curvature, cycloid, deltoid, ellipse, evolute, folium, helix, hyperbola, inversion, involute,

lemniscate, lissajous, logspiral, parabola, pedal, radial, tangent, torsion, torusknot, tractrix, twicubic,

unitnormal |

'=I Space Curves

ﬂ Torus Knot

[ TorusKnot :=(a, b, c,p,q,t)® [(a+bcos(qt))cos(pt),(a+bcos(qgt))sin(pt),csin(qt)]
Plot (The Luge from Hell)

tubecurveplot( TorusKnot(10, 3,5, 2,5,¢),1.2,t=0..2p,q=.5p .. 2.0p, axes = box,
grid =[ 100, 12], orientation = [ 110, 60], title = Luge from Hell)
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Luge from Hell

j pgpl ot ( tubecurvepl ot ( TorusKnot(10,3,5,2,5,t), 1.2, t=0..2*Pi,
t heta=0.5*Pi .. 2. 0*Pi, axes=box, grid=[100, 12],
orientation=[110,60], title=" Luge fromHell" ),

“d:/dynam cs/luge.jpg );

L [> resetplot();

ﬂ Twicubic

[ > Twicubic:=t® [t tt, t3]
Plot

> tubecurveplot( Tw cubic(t), 0.15, t=0..1.3, theta=0.5*Pi..2.1*Pi,
axes=box, grid=[50,12], orientation=[-100, 80],
shadi ng=xy, title="Waterslide );
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Waterslide

0 02040608 1 1214

=] Generalized Helix (helicized plane curves)

[ > Helix := (curve2D, a, t) ® [op(curve2D), a t]
Plot of a helicized Lissajous pattern

> curvepl ot 3D( Helix( Lissajous(7,5,1,1,0.6,t), 0.1, t),
t=0..2*Pi, scaling=unconstrained,
orientation=[170, 70], shadi ng=none, axes=frane,
nunpoi nt s=200 );
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> tubecurvepl ot ( Helix( Lissajous(7,5,1,1,0.6,t), 0.1, t),
0.03, t=0..2*Pi, theta=0..2*Pi, axes=box,
scal i ng=unconstrai ned, grid=[200, 15],
orientation=[170,70] );
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> kappa=kappa( Helix( Lissajous(n,ma,b,phi,t), c, t), t );
an 2 2 4 22 2 4
k=&2 b2 sin(mt+1)2m*+c2a® sin(n 1) n

26 / 2
t(-acos(ntynbsin(mt+f)m>+bcos(mt+f)masin(n)n) o /

3/2
(a® cos(n )2 n° + b2 cos(m ¢ + )2 m° + )
> tau=tau( Helix( Lissajous(n,ma,b,phi,t), c, t), t );

e
t=(-cbsin(mt+f)mzacos(nt)n3+casin(nt)n2bcos(mt+f)m3)/g

02 b2 sin(m ¢ +f )2 m4+ 02 a2 sin(n t)2 n4

20
+(-acos(ntynbsin(me+f)m>+bcos(mt+f)masin(ni)n’) o

=l Junk
(> tau=tau( Twi cubic(t), t );
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3
t=

1+9t4+9t2
kappa=kappa( Tw cubic(t), t );
K= 1+9ﬁ+92
- ) 43/2
(1+47+9¢1))
b=Bi normal ( Twi cubic(t), t );
L 1 [66-612]
2
1+9t4+9t2
n=Uni t Nor mal ( Twi cubic(t), t );
3 4 3

_1[-4¢-18¢,-18¢ +2,61t+1217]

n==
2
4/1+9t4+9t24/1+4t2+9t4

T=Tangent ( Twi cubic(t), t );

[1,2t,3t2]

l+4t2+9t4

foo:=linal g[ crossprod] ( Tangent (Twi cubic(t),t),
Uni t Normal (Twi cubic(t),t) ):

foo: =map( factor, foo );

t2

g : 1
ﬁm:=§3 -3 , H
e 4/1+9t4+9t2 4/1+9t4+9t2 4/1+9t4+9t2u

eval m( foo-Binormal ( Twi cubic(t), t ) );

[0,0,0]

curvepl ot 3D( Hel i x(Lemi scate(1,t),0.1,t), t=0..10,
shadi ng=none, axes=box );
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> tubecurveplot( Helix( Lemiscate(1,t), 0.1, t),
0.10, t=0..10, theta=0..2*Pi, axes=box,
scal i ng=unconstrai ned, grid=[100,10] );

0.81
0.61

0.4

0.2

02040608

-1

(>tau = sinplify( tau( Helix( Lemiscate(a,t), c, t), t ), trig);
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(COS(t)Z- 6) cos(?) ¢
02 cos(t)4 - 12 02 Cos(t)2 +20 02 +9 a2

t=-6

=l More Junk

> jpgpl ot ( tubecurveplot( Helix( Lemiscate(1,t), 0.1, t),
0.10, t=0..10, theta=0..2*Pi, axes=box,
scal i ng=unconstrai ned, grid=[100,10] ), m/foo.jpg );

[> resetplot();
[> foo := kappa( TorusKnot(a,b,c,n,mt), t ):
> foo := sinptrig( sinplify( expand(foo,trig), trig ), ntt );

foo = (
(-4n6ab3+2n4ab3m2+2n2ab3m4- 202m2n4ab- 2c2m4bn2a) COS(mt)Sin(mt)2

n4 4m2- 02m4b2n2+b4m4n2+n6 4+czmzn4b2)Sin(mt)4+(6n4ab3m2

+2n2ab3m4+2n4a3bm2+4n6a3b+4n6ab3+202m2n4ab+202m4bn2a) cos(m t)

+n6a4+02m6b2+6n4a2b2m2+b4m4n2+2n4b4m2+n2a2b2m4+202m4b2n2

+6n6a2b2+c2m2n4a2+n6b4+02m2n4b2+(-02m4b2n2+2b4m4n2- 2n6b4

i 202m2n4b2+02m4n2a2- 2n4a2b2m2- n2a2 2m4- 2 czm2n4a2

21/2
sin(mt)™) /
3/2
2,22 22 2,2,,2 2

(2n2abcos(mt)+n2a +n b "+ mm+(-n" b +b " m -czmz)sin(mt)z)

+(-2n b b

b n6 a2

6 b

)

[> kap := function( foo, a,b,c,n,mt ):

>tor :=simptrig( simplify( tau( TorusKnot(a,b,c,nmt), t ), trig ), nrt );

2

tor = (-5 ¢ m b (- m? + n°) cos(m ¢) sin(m 1)°

+ncm(2m4b2- n2m2a2+3b2m2n2+n4a2+b2n4) cos(m t)

+ncmab(2m2n2- m4

+2n4)- 2n3cmab(2m2+n2)3in(ml‘)2)/(

(-4n6ab3+2n4ab3m2+2n2ab3m4- 202m2n4ab- 2c2m4bnza)COS(mt)Sin(mt)2
+(-2n4b4m2- 02m4b2n2+b4m4n2+n6b4+02m2n4b2)Sin(mt)4+(6n4ab3m2

+2n2ab3m4+2n4a3bm2+4n6a3b+4n6ab3+202m2n4ab+202m4bn2a) cos(m t)

+n6a4+c2m6b2+6n4a2b2m2+b4m4n2+2n4b4m2+n2a2b2m4+202m4b2n2
+6n6a2b2+c2m2n4a2+n6 4+czm2n4 2+(-02m4b2n2+2b4m4n2-

6,4
n

b b 2n b
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2 2 4.2 2 42 2 4 2.2 2 22,2 4 6 2,2 2 2 4272
n +c mn a -2n a m -n

-2¢ m b 2 b a b "m -6na b -c"mna)
sin(m £)2)
[ > tor := function( tor, a,b,c,n,mt ):

> tubecurvepl ot ( TorusKnot (10, 3,5,2,5,t), 1.2, t=0..2*Pi
t heta=0.5*Pi .. 2. 0*Pi, axes=box, grid=[50,12],
orientation=[110, 60],
color=5*tor(10,3,5,2,51t) );
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